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The Second National Conference On Basic Optics And The Technical

Committee Meeting On Baslic Optlcs Held At Jingbo Lake

The Second National Conference on Basic Optics sponsored by the
Optical Society of China was held July 22-26, 1984 at Jingbo Lake,

Heilongjiang Province, China. About 140 people from 45 institutes of

18 provinces and cities attended the meeting. The meeting featured
150 papers which could be divided into six groups: 1. classical

optics; 2. spectroscopy; 3. high intensity light source and nonlinear i 4
optics effect; 4. optical signal processing and holography; 5. fﬁ;

atmospheric optics; and 6. ocean optics. Some papers from medical

optics were also reported in this meeting.

Since the first National Conference on Baslc Optics held in June,
1982, the research works on basic optics in our country had had a lot
of progresses, especially for nonlinear optics, optical signal
processing, and spectroscopy (laser spectroscopy). Among the research
works in nonlinear optics, optical bistability, four-wave mixing, and
stimulated Raman scattering are the three fields which have better
development and almost catch up the level of the well-developed
countries. The optical bistability so far is only on the
demonstration stage in the laboratory. It is still a long way to go
before this technology can be employed for the practical applications.

Similar situation also can be applied to four-wave mixing and
stimulated Raman scattering. For white light signal processing, which
is a very hot topic recently in our country, a lot of scientists and
engineers are doing this kind of research work. So far we have better

understanding on the basic theory of optical signal processing. But
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only its encoding method is well developed. 1In fact, we only follow
the other country's direction in this research field. On the other
hand, spectroscopy is a tradictional research work in our country and
has been studied for a long time. Since the invention of the first
laser, laser spectroscopy has been under fully investigation. For the

last two decades, we emphasize the atomic laser spectroscopy. Now a

lot of research works on molecular laser spectroscopy have been done,

which can be seen from the number of papers presented in this
meeting. e
Comparing with the first meeting, this meeting has some new

features. First of all, some papers in the boundary optical science

like ocean optics and medical optics were first reported in the
meeting. Secondly, young scientists and engineers are the majority
among the attendances. More than 20 attendances are graduate
students. They reflect the future of the optical technology in our
country. Therefore, the overall of this meeting is very exciting and
successful.

The Technical Committee Meeting on Basic Optics was also held
during the conference. The committee outlined the academlic activities
for the next 2-3 years. The next conference will be held in 1986.

This conference was co-sponsored by Industry University of

Haerbin and by the Insititute of Physics, Academica Sinica.

( Yi Min and Li Chunfei )
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LWL VO TR UL APV AL I S S S e




The Inhomogeneity of the Optical Thin Film Determined
44

by Real Time Elliptic Polarization Measurement

Wu Qihong

{Department of Optical Instruments, University of Zhejiang;

s

ABSTRACT

s L T R . T R S

:L “An automatic photometric ellipsometer with rotating-analyrzer
! iz wused in cur vacuum thin film coater. This ellipsometer —an
. measures  the polarization of the depositing thin film instantly.

;- The  inhomogeneity of the refractive index can be analyzed from
T ] be
the path curve of the polarization parameters, 4 and~¢ which vary

<
N
o with the thickness of the thin film. The experimental resuits
~ P
.t show  that  both Zn® and Znfe have about 100 A of inhomcgenesus
s el 2w sl i de
. trancition Jayvers  at the dnner and cuter  boundaries. In the
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- ~entral region, it has homogeneous refractive index.
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I. Introduction

For the past few decades, the optical thin film had been
developed from the esimplest eingle antireflection layer to the
modern multilayer atacks of several ten layers. To design and do
calculation on these multilayer stacke, an ideal thin film which
has the refractive index and geometric thickness as ite
parametere is usually aseumed for the real dielectric thin film.
The refractive index of this homogeneous thin film does not
change with the increase of its thickness. But a lot of thin
films can not be described by +this simplified model. Their
refractive indices increase or decrease remarkably with
increasing the thickness. The inhomogeneity of the refractive
index of the oxide thin film is one of the typical examples. The
inhomogeneity of the refractive index implies that the
microstructure of the thin film may have changed. The dieleciric
thin film ugually hae the characteristic of grain-growth. If the
grain expands or shrinke with increasing the thin film thickness,
the deneity and then the refractive index of the thin film will
aleo increase or decrease with 1increasing the thickness.
Therefore the study of the inhomogeneity of +the thin film
refractive index will give the information about the
microstructure of the thin film, and ie thus a very good esubject
for further study. There had been some methode used for studying
the inhomogeneity of the thin film [2-5]. 1In this paper, we
employ an automatic photometric polarimeter to measure the
inhomogeneity of the ZnS, 2ZnSe, and cryolite thin filmes which are
prepared by the vacuum vaporization method. From these results,

the microstructures of the 2nS and Z2nSe thin films are estimated.
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I1. Theoretical Anslysis and Experimental Method:

It has been known that the ellipeometry has higher
sensitivity for the measurements of the dielectric thin film’s
refractive index and thickness. But the accuracy of the
measurement is strongly affected by the inhomogeneity of the thin
film’s refractive index. A little inhomogeneity in the thin

film’s refractive index will make the path curve of the

polarization parametere A and Hp vhich are functionsof the thin

film <thickness deviate from the homogeneoug thin film’'s path

curve. On the other hand, +thie seneitivity can be used for the ;
meagurement of the thin film’s inhomogeneity. Since the E
polarization data can be used to derive the thickness of the thin i;i;
film, the thickneas wmeagurement experiment 18 not required ﬁi%

anymore. This ellipsometry method even can measure the thin film
as thin as a few ten of R. Therefore it is better to employ the E

ellipsometry method for the determination of the inhomogeneity of

the thin film’e refractive index.

In our experiment, wve first measured the thin film at any
time during the deposition process by the automatic polarimeter.
A large number of the (4, ¥ ) values at different thicknessesof
the thin film are obtained. From these data, the path curve of A
and ¥ can be drawn. The inhomogeneity of ihe refractive index
can be roughly determined from this path curve. But the precise
values of the refractive index must be determined by using the
computer.

It has been known that the curves of equal refractive index

of the homogeneous thin film (i.e., the path curves of > , ? )
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are a series of eggshape closed contours which are not overlapped
with each other. Each point in the A - y/ plane vill correespond
i to one pair of thin film parameters: refractive index n and
geometric thickneses d.
E The a , 1? path curve of the inhomogeneous thin film ie
I quite different from that of the homogeneous thin film, i.e., its
(A ,q') is not one to one corresponding to (n, d) anymore. This
is because the changing patterns of the refractive indices may be
. different when the thickness starts to increase.
So even for the same (A , ‘f ) point, it may represent different

n and d. If we compare the path curve of the inhomogeneous thin

film with that of a8 suitable homogeneoueg thin filwm, the changing

pattern of the refractive index of the inhomogeneous thin film
shows some differences which are deascribed below.
i According to our calculation, if the refractive index of the
inhaomogeneous thin film 4increases wmonotonically with the
thickneee and is larger than the refractive index of the glass
i gubstrate, then its path curve (the dot-dash curve in Fig. 1) ie
alvays at the left side of the path curve of the homogeneous thin

film (solid line in Fig. 1) whose refractive index is equal to

the mean refractive index of the inhomogeneous thin film. 1f
R each (2,% ) point of thias path curve is manipulated according
f to the rules of homogeneous thin film, then the calculated
é refractive index will not change monotonically with the
- thickness. In thie case, if the thickness is less than half
cycle, 1i.e., at the fourth or the third quadrant of the
j coordinate, ite refractive index increaeges with increasing
E thickness. But if the thicknese i larger than half cycle, i.e.,
6
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at the eecond or the firsl quadrant, its refractive 1index

decreases with increasing the thickness. For the case where the
refractive index decreases monotonically with increasing the
thickness, its path curve (the double-dot dash curve in Fig. 1)
is always at the right side of the path curve of the homogeneous
thin film whose refractive index is equal to the mean refractive
index of the inhomogeneoua thin film.

It was found 1in our experiment that there existed low

refractive index transition layers both at the inner and outer

boundaries of the thin film. As the thin film thicknese
increases, the refractive indices and thickness of the inner and
outer boundaries almost remain the same. For this kind of

inhomogeneous thin film, its path curve at the firat half period
is at the left side of the path curve of the homogeneous thin

film whose refractive index is equal to that of ite central

region. At the last half period, its path curve shifte to the
right gide of the path curve of the homogeneous thin film. If
every (A ,7’ ) point on this path curve is manipulated according

the rules of the homogeneous thin films, then the calculated
refractive 1indices increase monotonically with increasing the
thickness. If the thin film only has the low refractive index
inner boundary, ite path curve at first is al the left side and
then finally merges with the path curve of the homogeneous thin
film.

When ve analyze the experimental data, ve muet consider
those characteristice we mentioned above for the path curvee of

the 1inhomogeneous thin film such that the inhomogeneity of the

to
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real thin £ilm can be fully understood.
1. Experimental Set Up
The automatic ellipsometer ig chosen here because the thin

film refractive index 1s very sensitive to the variations of the

deposition rate, incident angle of vapor, and subsatrate
temperature. In order to reduce the poseible uncertainties, the
meaguremente vere all done 1in the vacuum. The automatic

ellipsometer is a high speed measuring instrument. For each run,
several tens of data pointe can be obtained. It is8 therefore

poeeible that the ( A , #’) path curve i determined accurately.

Our polarimeter 18 a RA + FA ( rotating-anaslyzer + fixed-
analyzer) type polarimeter. The thin film coater has a
cylindrical glass barrel. The light transmits normally through
the barrel wall in a horizontal plane. All the optical paths
are in the same plane as shown in Fig. 2. The light source is a
He-Ne laser with stable power and linear polarization output.
The polarization plane of the polarizer is such aligned that it

is 45° with respect to the polarization plane of the incident

light. So the 1ight incident on the sample has equal amplitude
in the P and S components. The sample was clamped vertically in
the center of the glass barrel. The deposition source material

wag also mounted vertically so the vapore would diffuse to the
glass substrate horizontally. The laser light, after paseing
through the barrel wall, vag reflected by the sample and paseed
through an aperture on the barrel wall. When it came out from the
barrel, it hit a rotating-analyzer (RA) which is driven by a DC
motor. By 8ome photoelectronic techniques, a pulse signal 1i=e

generated. This eignal is uaed as 8 synchronoug trigger signal.

8
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The rotating apeed of the analyzer is 40 rpm. For different
polarization of the light source, the photomultiplier tube (PMT)
has different sensitivity. In order to wmeasure the 1light
intensity accurately, a fixed-analyzer (FA) wvhoae polarization
plane is fixed in the X axie ig put in betveen RA and PNMT. Our
recording system includes an A-D converter and a single-board
microprocessor. With this equipment, the light intensity duriﬁg
the depoaition process caen be collected and analyzed inetantly.

According to the theoretical analysis, the light intensity 1
detected by &a detector after it passes through the RA +FA
polarimeter can be expressed as a function of polarization angle
A of the RA.

T =g+ 300824 +by 8in 2.4 + gy 008 44+ by sim 4.4,
vhere ap, a2, 84, b2, and bg are the Fourier coefficients. For
each Aj value there is a corresponding I{ value. If the total
number of measurements is N, then the above Fourier coefficiente
can be calculated as follows:
0.-%7~:§I.-oosn&, b.-%-g{.-iﬂm .

In our case, N could be 20, 36, or even higher number.

From these Fourier coefficients, the Stokes parameters can
be derived

0=4X (3p--a,), a--g—X(a--aoHa.), 'a.-—g-X(2b-+b«)o

Finally, A and. %  are determined from a gimple

transformation

2 =arcoos(—n/%), A=arcoos(s/a-sn27),

It s8hould be noted that our polarimeter is not a complete

polarimeter. Therefore the Stokes parameter S3 can not be
9
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derived here. Because of this, there i no wvay to determine if 4 !?S

is positive or negative. Howvever, s8ince the thin film {ie 'ZE

deposited on a blank gubstrate, the changing trend of the A ééi

- value can be predicted. So unless it is a very apecial case, ;;?
3 there is no problem to determine the sign of & . ;ﬁi
hi Toe do the calculation on the inhomogeneous thin film, the ;fw
| inhomogeneous thin film is replaced by multilayer thin films,
where each layer ie homogeneous and has a slightly different S
refractive index compared with other layers. The calculation of §¥€

the inhomogeneous thin film also can be approximated by using the Eii
reflection formula of the multilayer stack in [2]. :iié

During the measurement, the glass barrel usually sustains ;Sj

D

)
.
AN

gome kind of stresa and an extra phase difference of 30-40° ise
produced by the double refraction. In order to overcome this

problem, every time before we pump the eysten, wve make one

O m ".' l-". -' ..:‘ '. ‘_..
.l.o.l‘l“‘".d“.’;. ’

measurement without coating on the substrate. Thia data will be

used to adjust the measurement with thin filmson the substrate.
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[ NI
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QOur experiments are done in room temperature, and the vacuum is
better than 5 x 10 ~3 torr. The deposition source material is
put very close to the substrate such that the deposition rate is
aes high as 40 ;/aec. The whole depogition process takes about 60 =~
120 sec. The deposition source materials are supplied by Shanhai
material refinery.

Three materials are measured in this work; they are ZnS, ZnSe, ﬂﬁ
and Na3AlFg. Their experimental curves are shown in Figs. 3,4, .
and 5, respectively.

2. Experimential Results ;ii
The path curve of the ZnS thin film has the following [—‘

10
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characteristics. For each point in the path curve, ite E:&
corresponding refractive index of the homogeneocus thin film Sfi
increases with increasing the thickness (the dot-dash curve 1in i;a
Fig. 3). At the first half period, the refractive index is in 5&5
betwveen 2.3 and 2. 4. At the last half period, it continues to {{é
increase and has the maximum value of 2.5. If the inhomogeneity 5#_
of the thin film is not taken into consideration, a vrbhg ;E;
conclusion that the refractive index of ZnS ie always increasing . f
amoothly will be made. As we mentioned before, this kind of path i ’

curve indicates that ZnS has the inner and outer boundarieg with iﬁu

lower refractive indices. If the change of the refractive index

is due to the change of the density, the refractive indiceg at
the boundariee should have little change. From the thin filwm
charateristics we mentioned above and by using the computer, the
refractive indices vhich can best fit the experimental data are: E;;
The central region of the Z2nS thin film is homogeneous and 1its
refractive index is 2.36; the thickneas of the inner and outer
boundaries is 80 Z and the refractive index decreases to 2.15.
According to these results, if the total thickness is leses than -
160 Z, the refractive index in the central region is less than
2.36. If the total thickness 1is larger than 160 A, the -
refractive index in the central region is 2.36 even :if the thickness i
keeps increasing. But the thickness and the refractive indices
of the inner and outer boundaries remain the same. i
The propertiee of 2ZnSe are very asimilar to that of 2ZnS.
According to the experimental resgultsg, the inhomogeneity of the

ZnSe refractive index is also very similar to that of 2ZnS. For

11
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each point in the ZnSe path curve, 1its corresponding refractive :3:

i index of the homogeneous thin film increases smoothly with ;ﬁ%

S increasing the thickness (the dot-dash curve in Fig. 4). Similar ;%F

N to ZnS, the best results for ZnSe also can be calculated: The %%E

3 refractive index in the central region of the ZnSe thin film is SEE

™ 2.63; the thicknese of the inner and outer boundaries is 120 : S;:

' and their refractive indices decrease to 2.2. :?;

; For cryolite, 1its path curve (esee Fig.5) is similar to that Egé

; of the inhomogeneous thin film whose refractive index decreases Eii
monotonically with <the thickness. When the thickness of the F .
cryolite thin film ie small, for each point of its path curve,

f. the corresponding refractive index of the homogeneoug thin film ééi
ie higher than 1. 28. When the thickness reaches 1000 X, ite path 5%?
curve 1is very close to the path curve of the homogeneous thin ;;i

. film whose refractive index ie equal to 1.28. The cryolite thin ;id

:ﬁ film can be approximated by an 800 ; inhomogeneous layer vwhose E_~

g refractive index decreases linearly from 1.34 to 1.28 plus the

- other inhomogeneous layer (from 800 to 3000 X) wvhose refractive 4.

'%‘ index decreases slowly from 1.28 to 1.27. The experimental curve E%?

i of cryolite is basically consistent with the calculated result of 53%

.S thise thin film model. Becausge cryolite hasg lower density, its k?ﬁ

% refractive index is lower than that measured in the atmosphere. gfé

? I1I. Discussion i;

;} The inhomogeneity of ZnS refractive index had been reported ?i;

ff before. The result of Oliver [4] who used the Brewster angle =

,g method is that a lower refractive index layer existe in the outer

’5 boundary but not in the inner boundary of the ZnS thin film. s
Netterfield [5], by using the photometric method, found that the LT

CARAPITRPRVER
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refractive index of 2ZnS thin film increased slowly when its
thickness increased from A/4 to A/2 or even more. By using
polarimetric method, King [{3] concluded that ZnS had <transition
layers existing in the inner and outer boundaries. Our
observation is consigtent with the resulte of King.

The King’e experimental data were obtained from the

measurements of a series of discrete samples in the air.

However, our data were obtained instantly during the deposition

process of the ZnS thin film under the vacuum. We also measured
a seriea of discrete samples by light-attenuated ellipsometer;
eimilar results were obtained (gsee Table 1). Since there is less
interference in the vacuum than in the air, and our results are
congistent with each other, it ies concluded that {he formation of

the inhomogeneous surface layer 1in ZnS is8 not due to the

reaction with the air molecules. Since ZnS and ZnSe have similar

structure and inhomogeneity, we think the formation of their
inhomogeneous sgurface 1layer 1is due to the change of their
microstructure. Based on this assertion we can infer that during
the deposition process the atoms must arrive at the substrate at
different times. The first few ten ; of the surface layer is
thus less crowvded and has lowver density. The farther avay it is
from the surface, the more denge it is. This is why the surface
boundary becomes inhomogeneous. This mechanism ig very similar
to the sand pile, where the surface layer is less dense than the
central region. In fact, thie is only a speculation and more
studiee are needed in order to prove this hypotheeis.

The author wishes to thank Professor Jinghua Tarng for his

advice.
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Fig. 1 Calculated 4-W curves Fig. 2 Schematic diagram of RA+FA
-of inhomogeneoua thin film . ellipsometar

Fig. 3 Experimental curve of ZnS Fig. 4 Expsrimental curve of ZnSe
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Fig. 5 Experimental surve of oryolite
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Table 1. Experimental data of discrete sample of ZnS. NS
" (e & & .% A7 )% 2 XL e
1 —a8.12* 15.70° : - e mi L
2 -52.00° .87 . 8.27 1 287
3 1 .04 i . 1888 | . 88 53 -
4 ~74.08 "10.42 : 2.3 414
s -90.2 ¢ 880 -, oo 830 - 436
.6 5.82 6.37 ] g1 {. 88 .t
: - 1 ;83.96 - 838 3.82 - 65
s . we . e .3 : 92
J . ._l“-“ + .'c?’,__ LI '_ :“;.-“ , ‘ s _..NJ "
10 s.2 10.87 - 8.88 3050
i [] N R — e —
Key: 1 - polarization parameter; 2 - corresponding homogeneous
thin film.
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